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Abstract 
This paper proposes a simulation-based optimization technique for the design of a retouch line, consisting of several adjustment 
and repair sections in an automobile assembly factory. In assembly shops, after finishing the assembly operations in the main line 
and signing off the automobile, it enters the retouch line in order to be adjusted and repaired if required. There are several 
stations to fix the probable defects that the product may have. Since the defects and the time required to fix them are stochastic 
parameters and there are recursive flows between the stations, it is crucial to study and optimize the number of the work stations 
and the buffer stations. In this study, the retouch line for production of Logan in Pars Khodro Company is simulated by Arena 
software. Finally, the best number of facilities and stations is suggested by solving the optimization model. 
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1. Introduction 
An automobile assembly plant typically has three main sections, namely body shop, paint shop and assembly 
shop, with respect to assembly process stages as shown in Figure 1. Each of these shops has different and special 
operations. The assembly shop deals with assembling the automobile parts on the painted body. To be more specific, 
the body moves along the production line by a hanger or conveyer and different parts are assembled on it. After the 
assembling activities are finished, the produced car enters the retouch line consisting of adjustment and test stations 
(i.e., power train system test, headlight adjustment, water leakage test, etc.), visual and manual inspections and 
repair stations (i.e., paint, mechanical, electrical, etc.). 
 
Figure 1. Main stages of the automobile assembly process 
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In retouch line, the necessity of repair for each car is a random event and the operation time to repair the defect is 
also a random parameter. The flow between different stations is not regular and sequential, i.e. in each station of the 
retouch line there might be backtracking or bypassing.  
 
Since the rate of defects and their operation time is not deterministic, the design and analysis of the retouch line is 
a complicated task. The main resources used in the retouch line are manpower, equipment and space, which are all 
limited and play a significant role in the overall throughput of the production. Manufacturing managers and 
industrial engineers are trying to make the most of these resources in order to maximize the throughput. Thus, 
modeling the retouch line and assigning the necessary work stations is one of the important problems to be solved in 
real world industries. One of the constructive tools that can be used for this end is discrete-event simulation (Harrell 
& Tumay, 1995). This technique has been successfully used in an automotive industry for different goals. In this 
study, the retouch line is modeled by a discrete-event simulation technique and the numbers of adjustment and repair 
stations are determined with respect to the real constraints of the buffer space and human resources restrictions, such 
that the overall throughput of the line is maximized. 
 
The rest of this paper is organized as follows. The next section explains the details of the problem. In Section 3, 
the simulation and optimization of the system are illustrated. Finally, the conclusion of this study is summarized in 
Section 4. 
2. Problem Statement 
The problem is to design a retouch line, which is located at the end of the main assembly line, with the required 
stations as presented in Figure 2. In this figure, the straight and recursive flows between the stations are shown with 
connector lines. For example, the automobile that enters the electrical repair station may go to sign off or wheel 
alignment, based on the initial station from which it has been transferred to the current station. The connectors are 
marked with small letters to indicate the route of the flow and the numbers on the connector lines show the 
percentage of the output flow. 
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Figure 2. Flow between stations in the retouch line 
 
 
This retouch line supports an assembly line with mixed production, in which two models of automobiles are 
processed, namely Megan and Logan. The standard operation time for each model in each station is a random 
parameter with a triangular probability distribution, which has been determined according to the historical data of 
the line as presented in Table 1. In this study, the retouch line is modeled by the Arena simulation software, and the 
current situation and behavior of the system is analyzed. Then, the optimal number of stations and the required 
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manpower is determined with respect to a given buffer size for each station, such that the maximum throughput can 
be gained.    
 
Table 1. Standard operation time for two models of automobile 
Adjustment Station Model Standard Time  Repair Station Model Standard Time 
Wheel Alignment (WA) Logan Tria (2.1,2.5, 2.9)  Electrical Repair (ER) Logan Tria(5,20,80) 
Megan Tria (2.1,2.5, 2.9) Megan Tria (5,24,85) 
Roll Test (RT) Logan Tria (2.3,2.5,2.6)  Mechanical Repair (MR) Logan Tria (10,21,100) 
Megan Tria (2.1, 2.3,2.5) Megan Tria (10,24,80) 
Water Test (WT) Logan 7.87  Paint Repair (PR) Logan Tria (5,31,85) 
Megan 7.87 Megan Tria (10,38,90) 
Water Leakage Test (WLT) Logan Tria (1.4,1.6,1.8)  Water Leakage Repair (WLR) Logan Tria (5,15,30) 
Megan Tria (1.8,2,2.2) Megan Tria (5,20,35) 
Double Check (DC) Logan Tria (3,3.5,4)  CSC Trim (CSCT) Logan Tria (3,3.48,4) 
Megan Tria (3,3.5,4) Megan Tria (3.5,4,5) 
P2WAX (P2WAX) Logan Tria (0.6,0.8,0.9)  CSC Paint (CSCP) Logan Tria (3.8,5.2,5.5) 
Megan Tria (0.4,0.5,0.6) Megan Tria (4,5.2,6) 
Track Test (TT) Logan Tria (9,10,12)  Sign Off (SO) Logan Tria (5,15,30) 
Megan Tria (9,10,12)  Megan Tria (5,20,35) 
  
The type of a probability distribution is considered according to similar studies (Patel, Ashby, & Ma, 2002), 
(Nguyen, M. D.; Takakuwa, S.;, 2008). The system assumptions are as follows.  
 The time between arrivals of the cars is 2 minutes. 
 The sequence of inputs is 3 Logans and 1 Megan. 
 Transportation time has been considered as operation time for the initial station. 
 The replication time has been considered as 1 month or 30 days. 
 Each day is considered as a short shift with 7.5 hours working time. 
3. Simulation experiment 
A successful simulation experience goes through several stages, namely determining the objectives, collecting 
data, forming the conceptual model, model building, verifying the computer model and validating the results 
(Jayaraman & Agarwal, 1996). The objectives considered for this study are as follows. 
 Analyzing the total time in a system for each production model 
 Maximizing the throughput of the line for each model per month 
 Determination and resolving and the bottle-neck station (i.e., the station with the longest queue length) 
 Finding the optimal number of repair stations (or related man-powers )  
 
The required data for this study was gathered by the manufacturing and engineering team from the existing an 
historical situation of the line in Pars Khodro Company.  
 
A basic model was formed by the on of the model is done by experts of the 
engineering department, reviewing the logic of the model, rational walkthroughs and reviews of the model and 
tracing the animated model (Porcaro, 1996). The current situation of the line and the output measures are used to 
validate the model to see whether it complies with reality. The validated model is then used to analyze the system. 
For this purpose, three scenarios with different station numbers are considered. A number of stations for each 
scenario are shown in Table 2.  
 
For each scenario, the simulation model is run with a 7-days warm-up and 70 replications with a 30-days 
replication length. The simulation results are presented in Table 3. 
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Table 2. Number of stations for each scenario  
             Repair  Test & Adjustment  Inspection 
MR ER PR WLR  WA RT WT P2WAX TT  WLT CSCT CSCP DC SO 
Scenario 1 6 5 5 2  2 2 4 1 5  1 2 3 2 5 
Scenario 2 6 5 5 2  2 2 4 1 6  1 2 3 2 5 
Scenario 3 7 5 5 2  2 2 4 1 6  1 2 3 2 5 
 
 
Table 3. Results of simulation for three scenarios. 
 Time in the system  (min)  Throughput  Bottleneck 
Station  Logan Megan  Logan Megan  
Scenario 1 463.7 3.8 637.2 5.8  3455 4 1151 1  TT 
Scenario 2 140.4 6.4 190.8 9.1  3768 7 1256 3  MR 
Scenario 3 56.9 3.1 75.8 4.1  3866 2 1288 1  MR 
 
The results indicate that the first scenario has a poor performance, since the time in the system for both models is 
high. In other words, the bottleneck creates a considerable queue, which imposes a non-value added time to the 
system. In order to resolve this problem, an additional station is allocated to track the test, the bottleneck station in 
Scenario 1. The results show significant improvement in Scenario 2. To form Scenario 3, another station is added to 
the bottleneck in Scenario 2. The improvement is not as significant as the previous one.  
 
OptQuest is a generic optimizer, which increases the analytical capabilities of Arena. This optimizer sets the 
values of variables, starts and continues simulation runs and retrieves results (Yingxin, Y.; Cong, Z.; Jie, W.;, 2009). 
In this section, optimization based on simulation is presented and done by the OptQuest tool. The decision variables 
are the number of stations (or the manpower), which are bounded integers between 1 and the maximum number of 
stations as shown in Table 4. Due to the limited space available, there is a limit on the number of work in process 
before each station. This numbers are called the buffer sizes and are presented in Table 4. This limitation makes the 
main constraint of this optimization problem.  
 
Table 4. Initial parameters for each station  
                                   Repair  Test & Adjustment  Inspection 
MR ER PR WLR  WA RT WT P2WAX TT  WLT CSCT CSCP DC SO 
Maximum buffer size 10 10 15 6  10 4 6 3 10  2 6 4 4 10 
Maximum number of stations 10 10 10 5  2 2 5 2 10  2 3 4 2 6 
 
The objective function is defined as a trade-off between the total throughput and the summation of all stations, as 
formulated in Equation 1. 
 
,  
 
where    is the cost ratio between the first and second terms in Equation 1.  
 
The optimization was started based on the mentioned simulation model, considering the constraints of the 
maximum number of buffer and station explained in Table 4. As depicted in Figure 3, 600 solutions are obtained, 
including feasible and infeasible results. The best solution for the number of stations was produced as the 363th 
solution, which is presented in Figure 3.  
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Figure 3. Optimization graph and the best numbers of stations 
4. Conclusion  
In this paper, a discrete-event simulation model was developed for the retouch or final process line located at the 
final part of an automotive assembly process. Management of this system was a challenge task due to its stochastic 
nature. Considering a real-case study from the Pars Khodro Company (a car industry in Iran), a conceptual model 
was developed and simulated by the Arena software. Based on this simulation model, three scenarios 
were investigated with regard to the system performance measures. Finally, the number of work stations was 
optimized using the OptQuest tool, such that a suitable trade-off between the total throughput and the cost of setting 
up the work stations was ensured. 
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